single point-light stimulus can in principle still give rise to two different percepts, both involving a regular 3-D human body. This suggests that a point-light stimulus has the potential to function as a multistable stimulus.
The concept of multistability refers to the observation that a single distal stimulus can give rise to two or more stable interpretations (Attneave 1971) . Stimuli like these have been investigated quite extensively because they are hypothesised to reveal some of the sensory and cognitive processes underlying an observer's normal perceptual experience (eg Georgiades and Harris 1997; Leopold and Logothetis 1999; Long and Olszewski 1999) . Common examples of multistable or ambiguous stimuli are the Schro« der staircase, the Necker (1832) cube, and the revolving random-dot cylinder or sphere (eg Andersen and Bradley 1998; Jiang et al 1998; Ullman 1979) . The critical feature in these three stimuliöthe ambiguous depth order öis a feature that can also be observed in certain point-light figures.
Consider two 3-D configurations of point lights, both representing a regular human body and differing only by a reflection of the whole body through the image plane (as in figure 1 ). When projected orthogonally onto a 2-D surface, the two configurations will give rise to the same pattern of 2-D moving dots. (2) That is, once all the explicit (2) With an orthogonal projection, light rays from each point in space are projected in a direction parallel to the normal of the projection plane. All projection lines are parallel. This will effectively remove information regarding the distance between the object and the projection plane. Changing the location of a point in depth will not change its location on the projection plane in any way. With perspective projection, on the other hand, differences in depth will result in differences in the locations on the projection plane. In this case, light rays from each point in space will be projected towards a single point: the projection lines are no longer parallel, but converging. As a result, changing the distance between an object and the projection plane will change both the size and location of the 2-D projection of that object on the plane (cf experiment 3). depth cues are removed, a 2-D point-light stimulus that is identified as a human figure is in principle still consistent with two possible interpretations, which differ only with respect to the depth order of the limbs (figure 1; for a dynamic demonstration, see http://www.psy.kuleuven.ac.be/labexppsy/top/karlweb/biological motion.htm; also available at http://www.perceptionweb.com/misc/p5004.html). However, the mere fact that two 3-D interpretations share this projective identity is not sufficient to make the claim that the resulting 2-D stimulus is also perceptually bistable (ie that observers actually perceive both of the 3-D interpretations as stable percepts of this single distal stimulus). One of the main goals of the present study is to provide empirical data on this issue.
It has been reported before that moving point-light displays exhibit some degree of ambiguity. Proffitt et al (1984) used a computer-generated point-light display of a non-translating walker in an orientation orthogonal to the line of sight (ie a lateral view) to demonstrate that this stimulus was perceived as multistable and that occlusion served to reduce the perceived multistability. Indeed, even if observers perceive a human walker, two possible interpretations of a walker in a lateral view remain, because the depth order of the points moving in different planes is not uniquely specified (cf figure 1a) . However, in Proffitt et al's (1984) study, the percentage of trials in which observers reported perceiving a human figure was rather low. Therefore, a more readily identifiable stimulus might be useful. In the present study, the stimulus is based on motion-capture data rather than being artificially synthesised.
A second, and more important, feature of the present study is that we present the point-light walker not only in a lateral view, but also as seen from other viewpoints. This crucial manipulation was motivated by a number of factors. First, although the bulk of the studies on biological-motion perception have used a walker oriented orthogonally to the line of sight, as a stimulus this constitutes a very specific and rather limited case. Second, Bradshaw and colleagues (1999) showed that the direction in which the (non-translating) point-light figure was walking (ie the figure's orientation in depth) affected the detection of this walker in a noisy display. So it seems that results obtained with a lateral walker cannot simply be extrapolated to other views. Such an extrapolation would be even more inappropriate in the present case, because it is only for a lateral walker that the perceived orientation in depth of the global walker does not change for the different interpretations (figure 1a). For other views, there is a drastic change in the perceived depth orientation: in one interpretation the walker is perceived as oriented towards the viewer, in the other the walker is seen as oriented away from the viewer (figure 1b). Here, we will focus primarily on those interpretations that involve a change in the global depth orientation of the walker [ie the non-lateral views; see Thornton et al (2003) for a special version of a lateral point-light walker, a so-called`chimeric point-light walker', displaying a left^right ambiguity].
In sum, the present study was set up to explore the perceptually bistable character of different views of the point-light walker. By removing all explicit depth cues, a perfectly ambiguous point-light stimulus can be created that is fully consistent with two different, yet coherent 3-D interpretations of a human figure. We investigated whether or not human observers indeed perceive the same stimulus in these two ways and, if so, what the relative frequencies are of these different interpretations.
Experiment 1
Participants were shown a completely ambiguous walker, without visual cues that could favour one interpretation over the other, and were asked to indicate the perceived depth orientation of the walker. On the one hand, we examined whether observers actually perceive this single distal stimulus in different ways (ie as a human walker that is either oriented towards them or oriented away from them). On the other hand, although observers may arrive at more than one stable interpretation, this does not imply that all interpretations are equally probable. Even in the absence of relevant cues, one interpretation may be preferred and thus reported more frequently. In experiment 1, we tested whether this preferred interpretation was indeed present.
The second purpose of experiment 1 was to rule out the possibility that any observed biasing effects (ie preferring one of the two possible interpretations) would be due to factors that are not specifically related to the default processing of biological motion. To control for this, we included a condition in which the walker was presented upside-down. An inverted walker retains much of the lower-level features of the upright walker and is equivalent in terms of depth cues (ie no explicit depth cues are available). Therefore, effects that are due to either general response biases or some relatively low-level representation of the 2-D relative position of the point lights (rather than a more high-level representation of a walker in a particular depth orientation) should be apparent in both conditions. There is abundant evidence (Bertenthal and Pinto 1994; Pavlova and Sokolov 2000; Shiffrar et al 1997; Sumi 1984 ) that an inverted pointlight stimulus is not readily perceived as an upside-down human figure or at least that observers do not give a rich 3-D interpretation of the stimulus (but see Dittrich et al 1996; Shiffrar and Pinto 2002) . We do not deny the possibility that observers might retrieve 3-D structure from the stimulus (especially not when informed observers are being presented repeatedly with the same stimulus, as is the case in the present experiment). We do argue, however, that any biasing effect for the upright walker that is not the result of biological-motion perception per se, but rather related to, for example, general response biases or general structure-from-motion processing, should also be apparent in the data for the inverted walker.
2.1 Methods 2.1.1 Participants. Twenty participants (undergraduate students or colleagues from the department) took part in the experiment. All had normal or corrected-to-normal vision and were na|« ve with respect to the purpose of the study.
2.1.2 Stimulus. The basic 3-D stimulus was a point-light figure consisting of 13 markers indicating the centre of the major joints of a male person (head, shoulders, elbows, wrists, hips, knees, and feet). A walking motion was implemented by using motioncapture data and 3-D animation techniques [Character Studio, Autodesk Inc (1998) ; see Dekeyser et al 2002 for more details]. The motion pattern itself was adapted to be perfectly symmetrical, that is the left-foot phase was identicalöfrom a mirrored point of viewöto the right-foot phase. This symmetrical walking motion was then`applied' to the 3-D point-light figure. The 3-D walker was projected orthographically onto the screen (cf footnote 2), yielding a 2-D point-light walker that did not show occlusion and had a constant 2-D point-light size and luminance. So no explicit depth cues were available to determine a unique percept: each non-lateral view could be seen as either oriented towards the viewer or away from the viewer (figure 1b). The walker did not translate but appeared to walk on a treadmill.
When viewed frontally, the visual angle between the two shoulder points was 1.79 deg, and 7.87 deg between the point lights attached to the head and the foot at the most extended point in the step cycle. Individual points subtended approximately 0.14 deg and were white against a black background.
2.1.3 Design. Five stimuli were presented (under the convention that the frontal view corresponds to 08 in depth and depth rotations are applied clockwise around the walker's top^bottom axis): two lateral views (left-facing, 908L, and right-facing to the observer's line of sight, 908R), an ambiguous frontal/back view (facing the viewer, 08, or facing away from the viewer, 1808), an ambiguous three-quarter view to the left (facing the viewer, 458L, or facing away, 1358L) and to the right (facing the viewer, 458R, or facing away, 1358R). A second variable was the orientation of the figure in the plane: the walker appeared either in an upright or in an inverted orientation, ie rotated 1808 in the plane. Participants performed all trials with the same orientation in the plane in one block. In a block, there were ten repetitions of each of the five stimuli. The order of trials within a block was randomised independently for each subject. Half of the participants started with the`upright' block, the other half with the`inverted' block.
2.1.4
Procedure. All participants were tested individually. They were seated in front of a 17-inch CRT in a dimly lit room. Viewing distance was 80 cm and was held constant by means of a chin-rest. First, participants saw an example stimulus of a point-light walker in a lateral view, both in an upright and in an inverted orientation. They were also informed about the nature of the stimulus, but the potentially bistable character was not mentioned. Next, they were instructed to look at the walker and to decide how the figure was oriented in depth, ie which direction the walker was facing. Participants were told there were only eight orientations in which the walker could appear.
In front of the participant, an A4 sized cardboard sheet was lying horizontally on a table. A movable arrow was attached to the centre of a circle, drawn on the cardboard. The eight response alternatives were marked by eight lines originating from the centre of the circle. To indicate the perceived depth orientation, the arrow could be rotated about this centre point so that it pointed towards one of the eight directions.
To familiarise participants with the response procedure, they started with two practice trials with an irrelevant stimulus (a car). For the actual experiment, participants were asked to look at the centre of the stimulus, ie between the hip points, but to distribute their attention over the whole figure. Finally, it was stressed that an equal distribution of all eight orientation directions was not necessary. Upon seeing the stimulus, participants could respond immediately by placing the arrow in the appropriate position. The experimenter recorded the responses. Stimulus duration was 4 s, corresponding to four step cycles of the walker, and was followed by a black screen for 3 s. The next walker appeared automatically, thus initiating a new trial. Between the two 50-trial blocks, participants had a short break.
Results
Participants indicated the depth orientation of different views of an upright and an inverted walker. There were two possible correct responses for each non-lateral view, namely a veridical orientation towards the viewer and one away from the viewer. Over all five stimuli, the mean proportion of correct responses was 0.99 for the upright walker and 0.86 for the inverted walker. In the following analysis, we included only those trials in which a correct response, that is one of the two veridical orientations, was given.
Per participant and for each of the three non-lateral, ambiguous stimuli (frontal/back and the two three-quarter views), in both the upright and the inverted version, we calculated the proportion of``facing the viewer'' responses relative to the total number of correct responses (ie both the``facing the viewer'' and``facing away from the viewer'' responses). With this measure, a proportion of 1 or 0 would indicate the stimulus to be perceptually completely unambiguousöonly one of the two veridical interpretations would have been reportedöwhile a proportion of 0.50 would indicate perfect perceptual ambiguityöequal probability of reporting either of the two veridical interpretations. Means are shown in figure 2. A two-way repeated-measures ANOVA with`image-plane orientation' (upright versus inverted) and`depth orientation' (frontal/back versus threequarter view) as independent variables yielded a significant main effect of image-plane orientation (F 1 19 20X34, p 5 0X001, MS 2X93) indicating the proportion of responses`f acing the viewer'' to be significantly higher for an upright walker (M 0X81, SE 0X08)
, than for an inverted walker (M 0X43, SE 0X09). As confirmed by t-tests, the proportion of responses``facing the viewer'' for the stimuli in the upright condition differed significantly from 0.50 (ts 4 4X9, p 5 0X001), while this was not the case for the stimuli in the inverted condition (ts 5 1X49, p 4 0X15). Neither the main effect of depth orientation (F 5 1), nor the interaction effect (F 5 1), approached significance.
Discussion
Four conclusions can be drawn from the pattern of data in experiment 1. First, for both upright and inverted walkers, the proportion of``facing the viewer'' responses never reached 1 or 0, indicating that observers reported both of the veridical interpretations. This implies that the point-light figure can indeed be considered a perceptually multistable figure. Moreover, informal debriefing after the experiment made clear that the majority of participants, including people who reported both veridical interpretations, were not aware of the fact that the stimulus allowed two different interpretations, and were in fact quite surprised when this was pointed out to them. So, it seems this perceptual bistability does not hinge on an awareness of the ambiguous character of the stimulus. Second, despite the absence of differentiating visual cues, observers showed a strong preference to interpret the upright walker as facing them: for all non-lateral views, the proportion of``facing the viewer'' responses was significantly larger than 0.50. We take this result as evidence of a perceptual bias in the processing of bistable biological-motion stimuli. One might argue that, because the ambiguous stimuli were periodically removed from view, observers simply tended to maintain the same interpretation. Indeed, Leopold and colleagues (2002) showed that intermittent viewing of ambiguous stimuli has a stabilising effect on the interpretation (but see also Jiang et al 1998) . However, if this mechanism would play a role in the present study, observers would maintain any interpretation of the stimulus across trials with the same stimulus, that is both the interpretation towards the viewer as well as the one away from the viewer. Ultimately, there is still an overrepresentation of``facing the viewer'' responses, indicating observers do prefer one interpretation over the other.
Third, this preference was not present in the case of the inverted walker. The absence of a perceptual bias in this case cannot be explained by a failure to indicate the correct orientation of the stimulus. Although accuracy was clearly lower for the inverted walker (0.86 versus 0.99 for the upright walker), participants were still quite accurate in performing the task. The fact that no bias was found in this condition suggests that the results for the upright walker are not related to response biases or more general perceptual processes. Rather, inverting the walker seems to have a disruptive effect on the default processing of biological motion, forcing the visual system to rely on alternative mechanisms (eg Thornton et al 2002) , resulting in an effective elimination of the perceptual bias.
Fourth, no evidence was found that the view in which the walker was presented affects the perception of the stimulus in terms of ambiguity and presence or absence of a preferred interpretation. This again suggests that the perceptual bias is related to the perception of biological motion per se, and is not an artifact of observing a very specific stimulus such as, for example, a frontal view of a human walker.
Experiment 2
The conclusion from experiment 1, that observers show a tendency to perceive the point-light walker as facing them, might be premature. It is possible that observers are actually biased to interpret the action of walking as approaching (rather than receding), regardless of the orientation of the figure in depth. Indeed, the global motion implied by the articulatory pattern (implied, because the location of the figure did not change) was systematically confounded with the global orientation in depth öa point-light walker was seen as``approaching'' when it was seen as``facing the viewer'' and vice versa. To distinguish these two alternatives, we reversed the walking motion applied to the point-light figure so that the figure appeared to walk backward. A figure perceived as`a pproaching'' would then be facing away from the viewer.
3.1 Method 3.1.1 Participants. Ten participants took part in the experiment. All had normal or corrected-to-normal vision, were na|« ve with respect to the purpose of the study, and none of them participated in experiment 1.
3.1.2 Stimulus. The stimulus was identical to the one used in experiment 1, with the exception that the walking motion was reversed, so the figure appeared to walk backward. (3) Again, the stimulus in a non-lateral view was perfectly ambiguous concerning its orientation in depth, revealing no cues to favour a single percept.
3.1.3 Design. The design of the experiment was equivalent to that of experiment 1.
3.1.4 Procedure. The general procedure was identical to that in experiment 1, with one exception. Participants were explicitly told the figure was walking backward, and it was stressed that they had to indicate the global orientation of the figure (direction the figure was looking at) and not the direction of the implied motion.
Results
Overall proportion of correct responses was 0.98 and 0.74 for upright and inverted, respectively. Again, only trials in which a correct response was given were included in further analyses. The data were analysed in the same way as in experiment 1. Means are shown in figure 3 . The average proportion of responses``facing the viewer'' was 0.89 (SE 0X05) for the non-lateral views of the upright display and 0.67 (SE 0X07) for the non-lateral views of the inverted display. A two-way repeated-measures ANOVA with`image-plane orientation' (upright versus inverted) and`depth orientation' (frontal/back versus threequarter view) as independent variables yielded a significant main effect of image-plane orientation (F 1 9 8X40, p 5 0X02, MS 0X53), but no main effect of depth orientation (F 5 1), nor an interaction effect (F 1 9 1X39, p 0X27). Again, t-tests confirmed that the proportions of``facing the viewer'' responses for the upright walker were significantly higher than 0.50 (t 9 4 16X7, p 5 0X0001, for the frontal view; and t 9 4 4X79, p 5 0X001 for the three-quarter view). For the inverted walker, this was also the case for the three-quarter view (t 9 2X41, p 0X04; but not for the frontal view, t 9 1X20, p 0X26).
Discussion
Despite the rather unfamiliar actionöwalking backwardöparticipants were again quite accurate in indicating the global depth orientation of the figure, both upright and inverted. Moreover, the multistability of our point-light stimulus was confirmed: the results show once again that all non-lateral views have been perceived in both orientations.
More importantly, however, observers are still biased to interpret the upright point-light figure as facing them, even when this interpretation implies that the walker is seen as moving away from them. This tendency seems to be particularly strong for the frontal/back view of the upright walker, which observers hardly ever perceive as being oriented away from them. Somewhat surprisingly, this result was now also found for the three-quarter view of the inverted walker, albeit to a much lesser extent. This might be related to the increased difficulty (as evidenced by a lower accuracy compared to experiment 1), although at present no clear explanations are available. Nevertheless, we can conclude that the preference for interpreting an upright walker as facing the viewer and moving towards the viewer, as observed in experiment 1, is based on a tendency to interpret the figure itself as being oriented toward the viewer (rather than facing away), rather than a tendency to interpret the action of walking as approaching (rather than receding).
Experiment 3
To create a perfectly ambiguous point-light walker in experiments 1 and 2, all explicit depth cues were removed from the stimulus. Nevertheless, participants demonstrated a strong tendency to perceive the upright figure as being oriented toward them. The purpose of experiment 3 was to examine whether the interpretation of the point-light walker would be affected by the introduction of a depth cue indicating a single veridical orientation. More specifically, we investigated whether occlusion (cf Proffitt et al 1984) or perspective cues could act as a source of depth information to disambiguate the stimulus. The most interesting case is the situation in which the depth cue comes into competition with the perceptual bias, that is a situation in which the depth cue indicates the figure to be oriented away from the viewer. Although information would be available to derive the veridical interpretation, there might still be a tendency to interpret the walker as facing, leading to a nonveridical interpretation (see also Klopfer 1991) . This relates to a study by Bu« lthoff and colleagues (1998), in which stereo information was used to indicate depth in a point-light walker. Although the dots making up the walker were scrambled in depth, indicating a 3-D configuration that was incompatible with a regular human body, the depth-distorted point-light stimulus was nevertheless perceived as a`normal' walker. Apparently, the global 2-D appearance of the stimulus, which was consistent with a regular human body, was perceptually stronger than the stereo information indicating the depth of individual point lights.
The present experiment consisted of two conditions in which a single depth cue was introduced to specify the depth order of an otherwise ambiguous point-light walker. In one condition, we introduced occlusion, which was a locally defined cue that consisted of the disappearance of a point light when another limb was positioned in between the point light and the observer. In another condition, we added perspective information. This was a more`global' cue, because the locations of the dots in the image-plane and the relative distances between them changed depending on their location in depth (cf footnote 2). As the main goal was to examine whether a strong global cue would render the true orientation of the figure more perceptible, we deliberately chose a projection distance that yielded a relatively strong perturbation of the pointlight configuration.
4.1 Method 4.1.1 Subjects. Twenty participants performed the experiment. All had normal or corrected-to-normal vision, were na|« ve with respect to the purpose of the study, and none of them participated in the previous experiments. 4.1.2 Stimuli. We used the same, standard 3-D configuration and the same symmetrical walking motion as in experiment 1. However, for each of the two conditions, depth information was added to the 2-D stimulus.
For the`occlusion' condition, all point lights were visible, except when another limb moved in front of a point light, in which case the point light was occluded [for more details see Dekeyser et al (2002) ]. The figure was projected orthographically onto the screen.
For the`perspective projection' condition, the 2-D display was constructed under perspective projection instead of orthographic projection. This had implications for a number of features: the 2-D location of the dots, the relative distance between the dots, as well as the 2-D size of the dots, with the more remote dots being somewhat smaller. There was no occlusion. 4.1.3 Design. In contrast to experiments 1 and 2, the walker in both the`occlusion' condition and the`perspective projection' condition was no longer ambiguous; there was only one veridical interpretation per stimulus. We presented the walker in eight views: three views facing toward the viewer (08, 458L, and 458R), three views facing away from the viewer (1808, 1358L, and 1358R), and two lateral views (908L and 908R). There were 5 repetitions of each non-lateral view and 10 repetitions of the lateral views. The order of trials was randomised independently for each participant.
Participants were divided into two groups; one group performed the`occlusion' condition, the other group the`perspective projection' condition. In both conditions, participants performed only one block of trials (walkers were no longer shown in an inverted-image-plane orientation).
4.1.4 Procedure. The experimental procedure was as in the previous experiments, with one minor difference. Because stimuli in this experiment were not ambiguous, we no longer showed participants an example stimulus before the experiment.
Results
In contrast to the previous experiments, stimuli were no longer ambiguous, so a response was considered correct if, and only if, the single veridical orientation was reported. Over all eight stimuli, the mean proportion of correct responses was 0.85 for thè occlusion' condition and 0.97 for the`perspective projection' condition. To be comparable to the previous experiments, we only take into account those trials in which observers reported either the correct response (eg``458L'' in response to a 458L stimulus) or the complementary orientation (eg``1358L'' in response to a 458L stimulus). As a consequence 1.6% of the data were removed in the`occlusion' condition. No data points had to be discarded in the`perspective projection' condition.
For each of the six non-lateral views and per participant, we calculated the number of trials in which a correct response was given, relative to those trials in which the participant gave either a correct response or a response indicating the complementary orientation. So, in contrast to experiments 1 and 2, the proportional measure used here is in fact a measure of accuracy. Averaged results across participants for each of the eight different stimuli can be seen in figure 4 (`occlusion' condition) and figure 5 (`perspective projection' condition).
For the`occlusion' condition, the two three-quarter views that were oriented towards the viewer (458L and 458R) were consistently reported as such. Observers did make errors for the two three-quarter views that were oriented away from the viewer (error rate was 18% for the 1358L stimulus, 31% for the 1358R stimulus) as well as for the 08 view (4% error rate) and the 1808 view (88% error rate).
In the`perspective projection' condition (figure 5) the four three-quarter views were consistently perceived in their veridical orientation; no errors were made. For the frontal (08) and back (1808) view, mean error rates were, respectively, 14% and 16%. 
Discussion
In general, the addition of either occlusion or perspective information effectively disambiguates the stimulus, as evidenced by the high overall accuracy for the two conditions (cf Proffitt et al 1984) . There were, however, some differences for the two conditions.
In the`perspective projection' condition, the veridical orientation of the stimulus was reported in 100% of the trials, except for the trials in which either the frontal (08) or the back (1808) view of the walker was presented. In 15% of those trials, observers indicated the complementary, non-veridical orientation. The fact that the error rate was nearly the same for both views suggests that this is not due to a systematic bias in the perception of these stimuli. Rather, we suspect that the relatively large perturbation caused by the perspective projection might simply have confused some participants on some trials, leading to incorrect responses. Nonetheless, the overall results suggest that a strong global cue, such as the perspective information used here, is indeed an effective tool to render the true orientation of the point-light figure more visible.
In the`occlusion' condition, depth information was confined to the occasional disappearance of a point light, but this also suffices in most cases to reveal the veridical orientation of the stimulus. Two important results, however, still need to be addressed in this case.
First, owing to the way in which the occlusion was implemented, no point lights were actually occluded during a step cycle in the frontal (08) and back (1808) views, so these views were in fact still identical to one another and thus completely ambiguous. When calculated as in experiments 1 and 2, the results for the combined frontal/back view (a mean proportion of``facing the viewer'' responses of 0.92) are in line with the findings from experiments 1 and 2.
Second, in 18% (1358L) and 31% (1358R) of the trials with a three-quarter view oriented away, the figure was incorrectly seen as facing the observer. This was never the case for the three-quarter views that were oriented towards the viewer. Together with the results for the 08/1808 view, we take this as evidence confirming the presence of a perceptual bias to interpret the point-light figure as facing the viewer. When the conflicting depth information is provided by a more locally defined cue such as occlusion, the perceptual bias does seem to be sufficiently strong to exert a considerable effect on the final interpretation of the figure. 
General discussion
We investigated the perception of a computationally ambiguous point-light walker by uninformed participants. The data confirm that the stimulus, whether upright or inverted, is also perceptually bistable regarding its orientation in depth (experiment 1). Moreover, observers demonstrate a strong tendency to interpret the upright figure in one particular orientation, namely as facing them (experiments 1 and 2). Finally, this tendency seems to be robust enough to occasionally counteract a local cue signalling the veridical orientation (occlusion), but not so compelling as to overcome the effect of a strong global cue (perspective information; experiment 3).
The perception of point-light stimuli remains an impressive achievement of our visual system, combining the recovery of 3-D structure from motion and the recognition of non-rigid, biological movement. In this article, we have described a thus far undocumented effect for biological-motion perception: under specific circumstances, the perceptual system will have to resolve the depth-orientation ambiguity specific to multistable figures. The presence of these featuresöstructure from motion, biological movement, bistabilityöplaces the ambiguous point-light figure at the crossroads of several lines of research, making it a quite unique and potentially useful experimental stimulus.
It was not the aim of the present study to attempt to describe the exact mechanisms how the brain constructs the percept of a 3-D human body in motion on the basis of 2-D moving dots. However, the perceptual ambiguity as described here might provide us with a tool to investigate this issue. More specifically, the detection of the point in time at which the global orientation of the walker is determined might shed some light on the interactions between global and local processing or even top^down and bottom^up processing of point-light figures (eg Bertenthal and Pinto 1994; Mather et al 1992; Thornton et al 1998) . Furthermore, for a stimulus having an undetermined depth order, it would be of interest to see whether the findings, which have been reported for other typical ambiguous figures [see Leopold and Logothetis (1999) for a review], also apply to this special case; for example, whether observers who are aware about the ambiguity also report the stochastically distributed sequence of perspective reversals with prolonged viewing (eg Borsellino et al 1972; Taylor and Aldridge 1974) .
Apart from the perceptual bistability, a second, and perhaps even more important, result of the present study is the intriguing presence of a strong tendency to interpret the figure as facing the viewer. There are several factors that could be responsible for this perceptual bias. For example, high-level cognitive factors could play an important role, along the same lines as suggested by Klopfer (1991; see also Dittrich 1999) or even stored motion patterns (`sprites ', Cavanagh et al 2001) . However, in these accounts familiarity is a key factor, whereas in the present experiments familiarity does not seem a valid explanation. There is no principled reason for assuming that observers are confronted visually more often with frontal views than with back views of their conspecifics. Rather, biological and/or social relevance might be at the heart of the phenomenon. Unfortunately, the present study does not allow us to make definite claims as to the source of this tendency. In order to reveal the determinants of the perceptual bias, it might be necessary to explore and control for lower-level effects, including for example the location of initial fixation (cf Georgiades and Harris 1997) .
Finally, the perception of human actions could be contrasted with the perception of motions of other biological and non-biological objects. Eventually, the ambiguous pointlight stimulus might provide a valuable new window on the issue whether the perception of human action is`special', in the sense that actions are processed in a qualitatively unique way (eg Daems 
